Immunosuppressive activity of conditioned medium from cultured ovine, caprine, and hybrid trophoblast tissue was examined. Conceptuses were obtained from naturally mated donor ewes and does at d 20 of gestation and trophoblast tissue was cultured for 24 h in medium supplemented with 15% calf serum and 1% antibiotic/antimycotic. Conditioned medium was added to pokeweed mitogen-stimulated sheep and goat lymphocyte cultures. Quantification of [3HJthymidjne uptake by cells was used to measure lymphocyte proliferation. Ovine, caprine, and hybrid conditioned medium effectively suppressed sheep and goat lymphocyte proliferation (P < .01). There were no differences (P > .05) between the immunosuppressive activity of the three tissue types on either sheep or goat lymphocytes. For all treatment p u p s , sheep lymphocytes were suppressed more than goat lymphocytes (P < .05). These results indicate that, at d 20 of gestation, sheep x goat hybrid trophoblast tissue is capable of suppressing pokeweed mitogen-stimulated lymphocyte proliferation.
derived immunosuppressor factors help protect the fetus from immunological rejection (Mayumi et al., 1985; Clark et al., 1986; Daya and Clark, 1986; Murray et al., 1987; Croy et al., 1988; Roth et ai., 1990) . The protective mechanism normally involved during intraspecific gestation Seems to be ineffective in interspecific and hybrid pregnancies of some closely related species (McGovern, 1975; Frels et al., 1980; Clark et al., 1984) . For example, the domestic sheep (Ovis uries) x goat (Cupru hircus) hybrid pregnancy is usually maintained for only 30 to 45 d, and there is evidence for immunological involvement in the loss of such pregnancies (Hancock et al., 1968; Dent et al., 1971; McGovem, 1973) .
This study was designed to determine whether medium conditioned with trophoblast tissue of 20d-old sheep x goat hybrid concep tuses suppresses sheep and(or) goat lymphocyte proliferation and to compare hybrid suppressor activity to that of sheep and goat conceptuses.
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Materlals and Methods
Animals. Ovine conceptus donors were
Suffolk ewes bred to Merino rams. Does that served as both caprine and hybrid conceptus donors were of various mixed breeds. A Nubian buck and Barbados rams were crossed with does to produce caprine and hybrid conceptuses, respectively. poured into a 15-ml conical centrifuge tube and centrifuged (600 x g; 30 min). supernatant was filtered through a . 2 2 -p filter and was stored in 1-ml aliquots at -8o'C. The tissue from each culture was blotted dry and weighed. Average weights for sheep (n = 3), goat (n = 3), and hybrid (n = 3) tissues were .34, .33, and .34 g/flask, respectively. Lymphocyte Proliferation Assay. Whole blood was collected into heparinized tubes by jugular venipuncture from four randomly chosen ewes and does. The blood was diluted 1:l with Hank's basic salt solution (HBSS) and 7 ml of the blood/Hf3SS mixture was layered over 4 ml of Ficoll-Paquelo. After centrifugation in a 15-ml centrifuge tube (550 x g; 30 min), the interface cells were collected and washed twice with Hf3SS. The cell pellet was resuspended in WMX+ medium, cells were counted on a hemacytometer, and cell suspensions were diluted with wMI+ to 4 x 106 CellS/ml.
Lymphocyte cultures were carried out in triplicate in 96-well, round-bottomed tissue Culture-treated platesll. ~l l wells received 1 x 1 6 cells (25 pl). Nonstimulated and stimulated controls received 75 and 50 pl of RPMI+, respectively, and stimulated controls also received 25 pl of WMI+ containing .1 pg of pokeweed mitogen (PWM). Experimental wells were supplemented with 6, 3, 1.5, or .75 ~LI of caprine, ovine, or hybrid conditioned medium (CCM, OCM, and HCM, respective ly) diluted in 50 pl of RF'MI+. For each type of conditioned medium, samples of three cultures obtained from three different donors were tested. All experimental wells also received 25-pl aliquots of RPMI+ containing .1 pg of PWM. Total volume in all wells was 100 p1. All cultures were carried out simultaneously using the same cell suspensions, and cultures were maintained at 37'C in a humidified atmosphere of 5 % C02 and air.
[3H]thymidine12 (1 pCi/well) was added to cultures 96 h after the start of incubation, and cells were harvested at 112 h with a Skatron automatic cell harvester13. Radioactivity, a measure of cell proliferation, was determined by liquid scintillation counting. Before harvest, percentage of cell viability was determined in wells of each treatment group by trypan blue exclusion.
Srutisticul Analysis. Data reported as percentage of stimulated control were calculated for triplicate wells using the equation (% control = average cpm of experimental culturedaverage cpm of stimulated control cultures x 100). Results were analyzed in a 3 x 4 factorial ANOVA (three types and four levels of conditioned medium) using the GLM procedure of SAS (1985) . Random variables were lymphocytes and conceptuses. Insignificant (P > .75) interactions were deleted from the model and appropriate error terms were used to test the main effects (i.e., variation attributed to species of lymphocyte was tested with the error term lymphocyte within species, and variation due to type of conceptus was 126.7 Ci/mmol, ICN, Irvine, CA. %ow Laboratories, Rockville, MD. tested using conceptus within type). Tukey's mean comparison test was used to compare the effects of different volumes of conditioned medium and to determine differences between sheep and goat lymphocyte suppression within CCM, HCM, and OCM treatment groups.
Results
The superovulation and breeding regimen proved effective in that, with the exception of one goat conceptus donor, a l l donor animals exhibited numerous corpora lutea and multiple conceptuses were obtained from each animal. Compared to goat and sheep conceptuses, hybrid conceptus tissue seemed healthy and fetal development normal, indicating that failure of hybrid pregnancy had not yet occurred.
Medium conditioned with ovine, caprine, and hybrid trophoblast tissue suppressed (P c .Ol) both sheep and goat PWM-stimulated lymphocyte proliferation in a dose-dependent manner (Figures 1 and 2 ). The overall suppressor activity of CCM, E M , and HCM on lymphocytes of either sheep or goats did not differ (P > .05). Data comparing sheep and goat lymphocyte proliferation within each type of conditioned medium are given in Table 1 .
The results indicate that proliferation of sheep lymphocytes was suppressed more than that of 'Tukey's mean comparison test was used to determine daerences in overall sheep and goat lymphocyte prolieration within the conditioned medium. dSuppression of goat lymphocyte proliferation was less (P < .01) than that of sheep lymphocytes. eSuppression of goat lymphocyte proliferation was less (P < .(H) than that of sheep lymphocytes.
goat lymphocytes when treated with CCM, OCM, or HCM (P c .01, P < .01, and P c .05, respectively). Viability of lymphocytes at the end of culture was consistently 85 to 95% across all treatments.
Dlscusslon
Evidence supporting the theory that the placenta plays an important role in maintaining the fetus as an allograft in the mother has been obtained through the use of embryo manipulation techniques. The injection of embryonic cells from one species into blastocysts of a different species can result in successful interspecies pregnancies provided that the placenta and recipient are of the same species Fehilly et al., 19&, Meinecke-Tillman and Meinecke, 1984; Polzin et al., 1987) . This technique has been used to produce healthy offspring containing sheep x goat hybrid cells (Roth et al.. 1989 ). These results kdicate that the hybrid placental tissue, not the fetal cells, is responsible for the failure of sheep x goat hybrid pregnancies. One explanation for this failure may be a deficiency in the ability of hybrid trophoblast tissue to create and maintain an immunosuppressive environment at the fetal-maternal interface.
Although there have been a number of reports concerning immunosuppressive activity in ovine uterine fluid during intraspecies pregnancies (Segerson et al., Hansen et al., 1987; Segerson, 1988) . there have been fewer published data pertaining to ovine conceptusderived suppression (Staples et al., 1983; Murray et al., 1987) , and information is lacking regarding that of the sheep x goat hybrid conceptus. In this study, we focused on the production of immunosuppressor factors by the developing placenta The cultures contained conceptus trophoblast tissue devoid of the amnion, which was discarded with the fetus. Therefore, the immunosuppressive activity of CCM, OCM, and HCM, reported herein, was derived specifically from early placental tissue of 20-d-old goat, sheep, and sheep x goat hybrid conceptuses, respectively.
Conceptuses were collected on d 20 of gestation for two primary reasons. First, because hybrid pregnancy loss occurs between d 35 and 45 of gestation (Hanwk et al., 1968; Tucker et al., 1971; McGovem, 1973) and has been reported as early as d 30 (Hancock et al., 1%8), we wanted to ensure that healthy conceptus tissue was obtained. Our collection of numerous, apparently normal hybrid conceptuses was not unexpected: others have reported normal hybrid fetal and placental development until d 30 to 35 of pregnancy (Hancock and Jacobs, 1966; Hancock et al., 1968) , after which excessive lymphocyte infiltration (Hmcock et al., 1968) and increased allantoic fluid accumulation occurs (McGovem, 1977) . The second reason for collecting d-20 conceptuses was based on the hypothesis that these reported abnormal char-acteristics result from a disruption of the immunoregulated uterine environment. Such a disruption would likely occur some time before the manifestation of these abnom.&-ties. Therefore, if conceptusderived suppressor factors are involved with controlling uterine immune function, there may be some change in the immunosuppressive competence of the hybrid conceptus as early as d 20 of gestation.
The results of this study indicate that HCM effectively suppressed in vitro sheep and goat lymphocyte proliferation, and, therefore, the findings fail to support the hypothesis that a lack of conceptusderived immunosuppressive activity precedes rejection of the hybrid conceptus. However, a decrease in immunosuppressive activity may occur closer to the time of fetal death and simply might not be detectable on d 20 of gestation. Alternatively, the production and(or) functions of conceptusderived suppressor factors may be altered while in vivo via fetal-maternal tissue interactions, but once removed from the uterine environment and placed in culture, the production and(or) functions of these factors resume. Finally, it is possible that suppressor factors are consistently produced during early hybrid gestation but that other events lead to maternal lymphocyte escape from suppression and, perhaps, to their attack of the hybrid concep tUS.
Maternal lymphocyte evasion of suppression may be mediated via strong antigenic stimulation. Xenogeneic antigens expressed on hybrid and interspecific placental tissue may have more stimulatory impact on the maternal immune system than allogeneic fetal antigens, thereby disrupting the seemingly compatible fetal-maternal relationship that normally exists during intraspecific pregnancy. Although much is still unknown about this intimate relationship between maternal and fetal tissue, in the two most intensively studied models of interspecies and hybrid pregnancy (murine and equine) the immune response seems to play an integral role in implantation and placentation. Murine embryo implantation is associated with lymphocyte accumulation at the fetal-maternal interface Clark, 1982, 1983) . but only in unsuccessful interspecies or hybrid pregnancies does the trophoblast become infiltrated with lymphocytes (Croy et al., 1982) . In intraspecific equine pregnancies, lymphocytes accumulate around the endometrial cups but do not penetrate cup tissue until d 70 or 80 of gestation (Allen, 1982) . However, in equine hybrid pregnancies, lymphocyte invasion of the cups occurs much more rapidly; complete loss of endometrial cups occurs at d 60 (Allen, 1969 (Allen, , 1982 . Similarly, the excessive lymphocyte infiltration observed in sheep x goat hybrid pregnancies (Hancock et al., 1968) is in contrast to a noted decrease in accumulated uterine lymphocytes after attachment of the conceptus in intraspecific ovine pregnancies ( King et al., 1982) . Together, these data may indicate that a local suppression of the maternal immune cells at the fetal-maternal interface is ineffective in hybrid and interspecific pregnancies, probably due to a disruption of suppressor activity and(or) to an overriding immune response against xenogeneic antigens. At d 20 of pregnancy the ovine and caprine conceptus has attached wiser, 1975; King et al., 1982) , but interdigitation of chorionic microvilli in developing placentomes does not occur until the 4th wk of gestation (Boshier, 1969; Dent, 1973) . Because this event is likely to provide the antigenic stimulation that may initiate changes leading to maternal immunological rejection, it is possible that we obtained conceptuses before any immunological alterations in the uterine environment that could affect subsequent placental suppressor activity had occurred.
Hybrid conditioned medium suppresses sheep and goat lymphocytes as effectively as OCM and CCM. However, it is important to point out that PWM was used to stimulate lymphocyte proliferation and, in a previous study involving horse conceptus-derived suppression, Roth et al. (unpublished data) found that PWM-stimulated lymphocytes were easier to suppress than phytohemagglutinin-or lipopolysaccharide-stimulated lymphocytes. These results indicate that the type of antigen stimulating the lymphocytes plays a role in determining the extent to which proliferation is suppressed by conceptus suppressor factors. In utero, lymphocytes stimulated by hybrid placental xenoantigens may be more difficult to suppress than those stimulated with intraspecific fetal alloantigens. Therefore, the apparent equality of suppressive activity of HCM, OCM, and CCM in in vitro PWMstimulated lymphocyte assays may not be an accurate assessment of the in vivo situation. Unfortunately, an in vivo analysis of lymphocyteconceptus tissue interaction was beyond the scope of this study.
The reported difference between sheep and goat lymphocyte suppression within each treatment (Table 1) is likely a reflection of the difference in species responsiveness to the PWM. To ensure consistency across all assays, the same PWM concentration (.l pgjwell) was supplemented to all stimulated cultures. This concentration is one that provokes a strong proliferative response in lymphocytes of both species. However, when a mitogen titer assay was carried out for goat and sheep lymphocytes, the optimal lymphocyte responses were achieved using .1 and .2 pg/well, respectively (unpublished data). Thus, the PWM dose used in the assay was slightly suboptimal for sheep lymphocytes, which may explain the lower stimulated control values and the greater suppression of sheep lymphocytes with CCM, OCM, and HCM than of goat lymphocytes.
In summary, superovulation of does followed by natural mating with Barbados rams may result in numerous hybrid conceptuses with apparently normal fetal development and healthy trophoblast tissue at d 20 of gestation. Medium conditioned with hybrid trophoblast tissue will suppress proliferation of PWM- lmpllcatlons Soluble factors that suppress sheep and goat in vitro lymphocyte proliferation Seem to be produced by sheep x goat hybrid trophoblast tissue at d 20 of gestation. At this stage of pregnancy, it is possible that these factors help protect the hybrid conceptus from allograft rejection, which generally occurs shortly thereafter. Alternatively, hybrid pregnancy failure may not be associated with ineffective wnceptusderived immunosuppression. Although a significant relationship between placental-derived suppressive factors and fetal allograft survival remains to be determined, it should be considered when investigating the cause of hybrid or interspecies pregnancy failure.
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